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USE OF GHRELIN FOR TREATING MALNUTRITION IN GASTRECTOMIZED INDIVIDUALS 



All patent and non-patent references cited in the present application, are hereby 
5 incorporated by reference in their entirety. 

Field of invention 

The present invention relates to the use of ghrelin or analogues thereof for treating 
10 malnutrition in an individual having been subjected to gastrectomy. Specifically, the 
instant invention pertains to the use of ghrelin or analogues thereof for increasing 
body weight, body fat mass, appetite and well being in a gastrectomized individual. 

The stomach is supposed to have several important functions such as initial storage 
15 of food digestion of food by mixing it with acid and pepsin. Thereafter, the food 

gradually is released at a steady rate into the small intestine. A number of patients 
around the world have been subjected to gastrectomy for different indications. Most 
of them have undergone surgery because of ventricle cancer, and a few patients 
because of gastric ulcer, especially after severe bleeding or rupture. A variety of 
20 different types of gastrectomy have been performed throughout the years. One type 
used for the treatment of gastric ulcer was antrum resection in combination with se- 
lective vagotomy. In addition, surgery according to Billroth I and II, which includes 
resection of the antrum, was used for the treatment of gastric ulcers. Another type of 
surgery used to treat ventricle cancer was complete ventricle resection with a so- 
25 called Roux-en-Y, oesophago-jejunostomi. Gastrectomy, especially complete ven- 
tricle resection with Roux-en-Y, results in section of extragastric vagal nerves, I e, 
complete vagotomy. At present, more than three quarters of all patients who have 
undergone surgery for gastric cancer, have been subjected to total gastrectomy. 

30 Even though gastrectomy may provide a remedy for cancer or complications of gas- 
tric ulcer, it is accompanied by a variety of subsequent disorders. In these patients it 
has been observed that both subtotal and total gastrectomy result in a loss of body 
weight of about 10% within the first six months after surgery, which loss was shown 
to be mainly due to a loss of body fat, with body cell mass and muscle mass essen- 

35 tially remaining unchanged (Liedman et al., World J Surg 21, (1997), 416-20. Also 
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loss of appetite and malabsorption has been noted which is assumed to contribute 
to the weight loss. 

In addition, gastrectomized patients suffer from fatigue, osteoporosis and also diar- 
5 rhea, which is presumed to originate from a diminished capability to absorb fat. 

Moreover, there is anemia that is caused by a decreased absorption of iron and lack 
of vitamin B 12 , the latter being due to lack of an intrinsic factor, which is normally 
produced in the stomach. 

10 Even though gastrectomized patients are routinely given replacement therapy with 
vitamin B 12 , iron, and calcium, they continue to suffer from fatigue, loss of fat mass 
and osteoporosis (Fischer et al, Complications of Surgery, In: Schwartz (Ed), Princi- 
ples of surgery, (1999), Seventh ed, McGraw-Hill, New York, pp 470-472). A possi- 
ble remaining problem would be the loss of the place for initial storage and digestion 

15 of the ingested food. 

Therefore, a problem of the present invention resides in alleviating the symptoms 
gastrectomized patients encounter after surgery, in particular to provide means to 
obviate the patients deficiency to keep body weight and body fat. 

20 

This problem has been solved by providing the use of ghrelin or an analogue thereof 
for the preparation of a medicament for the treatment of loss of body weight and 
body fat in a gastrectomized individual. 

25 Background of invention 

Ghrelin is an acylated peptide of 28 amino acids in length, which has been isolated 
in the stomach in humans in a specific cell type, namely in the so-called A-cells, 
which are mainly located in the oxyntic glands in the corpus and fundus. They con- 
30 tain an octanoyl ester attached to a serine residue (Kojima et al, Nature, 402, 

(1999), 656-660). Ghrelin and its analogues are known to be releasers of growth 
hormone in animals and man. These peptides act via a 7-transmembrane G-protein 
coupled receptor which is present both in the hypothalamus and in the pituitary 
(Smith et al Endocr Rev 18, (1997), 621-45). 
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The story of ghrelin, its receptor and synthetic compounds acting through this re- 
ceptor unravelled in a unique "reverse" order. In the eighties a synthetic hexa- 
peptide from a series of opioid-like peptides was found to be able to release growth 
hormone (GH) from isolated pituitary cells (Bowers CY, Momany F, Reynolds GA, 
5 Chang D, Hong A, Chang K 1980 Structure-activity relationships of a synthetic pen- 
tapeptide that specifically releases growth hormone in vitro. Endocrinology 106:663- 
667). Since this action was independent of the growth hormone releasing hormone 
(GHRH) receptor, several pharmaceutical companies embarked upon drug discov- 
ery projects based on this hexa-peptide GH secretagogue (GHS) and its putative 

10 receptor. Several series of potent and efficient peptide as well as non-peptide GH 
secretagogues were consequently described in the mid nineties (Bowers CY, Mo- 
many FA, Reynolds GA, Hong A 1984 On the in vitro and in vivo activity of a new 
synthetic hexapeptide that acts on the pituitary to specifically release growth hor- 
mone. Endocrinology 114:1537-1545; Patchett AA, Nargund RP, Tata JR, Chen 

15 MH, Barakat KJ, Johnston DB, Cheng K, Chan WW, Butler B, Hickey G, . 1995 De- 
sign and biological activities of L-163,191 (MK-0677): a potent, orally active growth 
hormone secretagogue. Proc Natl Acad Sci U S A 92:7001-7005; Smith RG, Cheng 
K, Schoen WR, Pong SS, Hickey G, Jacks T, Butler B, Chan WW, Chaung LY, Ju- 
dith F. 1993 A nonpeptidyl growth hormone secretagogue. Science 260:1640-1643). 

20 

Several years later, the receptor through which these artificial GH secretagogues 
acted was eventually cloned and shown to be a member of the 7TM G protein cou- 
pled receptor family (Howard AD, Feighner SD, Cully DF, Arena JP, Liberator PA, 
Rosenblum CI, Hamelin M, Hreniuk DL, Palyha OC, Anderson J, Paress PS, Diaz 

25 C, Chou M, Liu KK, McKee KK, Pong SS, Chaung LY, Elbrecht A, Dashkevicz M, 
Heavens R, Rigby M, Sirinathsinghji DJ, Dean DC, Melillo DG, Van Der Ploeg LH, . 
1996 A receptor in pituitary and hypothalamus that functions in growth hormone 
release. Science 273:974-977; Smith RG, Van Der Ploeg LH, Howard AD, Feighner 
SD, Cheng K, Hickey GJ, Wyvratt MJ, Jr., Fisher MH, Nargund RP, Patchett AA 

30 1997 Peptidomimetic regulation of growth hormone secretion. Endocr Rev 18:621- 
645) In 1999 the endogenous ligand for this receptor, the hormone ghrelin, was 
finally discovered (Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa 
K 1999 Ghrelin is a growth-hormone-releasing acylated peptide from stomach. Na- 
ture 402:656-660). The main site for ghrelin production is the stomach, where the 

35 peptide is found in classical endocrine cells in the gastric mucosa. 
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Ghrelin is reported to locally act in the gastrointestinal tract, in particular the stom- 
ach, since it has been found to stimulate gastric acid production and gastrointestinal 
motility (Asakawa et al., Gastroenterology 120 (2001), 337-345; Masuda et al., Bio- 
5 chem Biophys Res. Commun. 276 (2000), 905-908). 

It is known that total gastrectomy of humans reduces circulating ghrelin levels to 
about 30% of those in normal individuals (Ariyasu et aL, J. Clin Endocrinol Metab 86 
(2001), 4753-4817). In rats, the ghrelin levels in circulation were lowered to about 
10 20% of normal after surgical removal of the acid producing rumen and fundus parts 
of the stomach (Dornonville de la Cour et al., Regul. Pept. 99 (2001), 141-150). 

Even though ghrelin has been found to be an appetite stimulatory signal, it has been 
noted that this stimulatory effect is lost after vagotomy (Asakawa , supra), giving rise 
1 5 to the notion that for a proper action of ghrelin the presence of the stomach is re- 
quired. 

In contrast to the general belief, the present inventors have now found that ghrelin 
and its analogues are still effective in gastrectomized individuals, where potential 
20 local effects in the stomach do not operate. These findings are surprising as it has 
been reported that the stimulation of feeding and hypothalamic NPY expression by 
ghrelin analogues is dependent on intact vagal innervation (Asakawa, supra). 

The present invention also embraces the use of ghrelin analogues. In the context of 
25 the present application, analogues to ghrelin are to be understood as any peptide or 
non-peptide compound that essentially exerts the same biological effect as ghrelin in 
vivo. Exemplary non-peptide ghrelin analogues are described in EP 0 869 974 and 
EP 1 060 190, which illustrate a number of ghrelin analogues and which documents 
are incorporated herein by way of reference. 
30 According to the present invention ghrelin may be utilized as the well-known acy- 
lated 28 amino acid peptide and may be produced by chemical synthesis or recom- 
binant techniques. Techniques for producing peptides and linking an octanoyl ester 
to the serine no. 3 are well within the technical person's skill. Alternatively any of the 
analogues mentioned in the documents referred to above may be utilized. Preferred 
35 compounds are the compounds designated as NN 703 [5-Amino-5-methylex-2-enoic 
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acid N-methyl-N-((1 R)-1-(methyl-((1 R).1-(methy!carbamoyl-2- 
phenylethylcarbomoyl)-2-(naphtalen-2-yl)ethyl)amide] and MK677 [sometimes also 
designated MK0677, cf. Drug Discovery Today, vol. 4, No.11, November 1999, 497- 
506] or NNC 26-1291 , or NNC 26-1 187 are growth hormone secretagogues of a 
5 non-peptidyl described in WO 99/58501 and WO 00/26252, respectively, all of which 
documents are incorporated herein by way of reference. 

In summary, the present invention provides a method for chronic treatment of body 
weight loss, fat mass loss etc., occurring after gastrectomy, wherein a pharmaceuti- 
10 cally effective amount of a substance, that upon administration to a gastrectomized 
patient leads to an increased level of a ghrelin receptor agonist, is administered to a 
patient. 

Preferably, the treatment comprises increasing the appetite in the individual and 
1 5 increasing the body fat mass of the individual, which will eventually improve the 
sense of well being and the quality of life in the individual. 

In addition, ghrelin and/or its analogues may also be utilized in combination with 
another stomach derived factor, so as to improve the results observed. Exemplarily 
20 mentioned factors are pacreastatin, gastrin, histamine, resistine, prostaglandins 
such as prostaglandin E2 and intrinsic factor. 

In addition, ghrelin and/or its analogues may be used in combination with another 
body weight and body fat inducing factor. Exemplarily mentioned factors are mela- 

25 nin-concentating hormone (MCH), MCH receptors agonists, especially MCH re- 
ceptor 1 agonists, neuropeptide Y (NPY), NPY receptor 1 agonists, NPY receptor 5 
agonists, and NPY receptor 2 antagonists including peptide YY (PYY) and PYY (3- 
36), alpha-melanocyte stimulating hormone (alpha-MSH, alpha-melanocortin), 
melanocortin-3 receptor (MC3R) antagonists, melanocortin-4 receptor (MC4R) an- 

30 tagonists, agouti-related peptide (Agrp), Agrp- agonists, cocaine- and amphetamine- 
regulated transcript (CART) antagonists, orexin receptor 1 and receptor 2 agonists, 
growth hormone (GH), GH receptor agonists, insulin-like growth factor-1 (IGF-1), 
and IGF-1 receptor 1 agonists 
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Furthermore, the invention relates to a composition comprising ghrelin or an ana- 
logue thereof for treating malnutrition in an gastrectomized individual, in particular 
for increasing his appetite, body weight, specifically his body fat mass, and eventu- 
ally his well being. For instance, a compound that can increase fat mass can be 
5 identified based on its ability to stimulate incorporation of glucose into triglycerides in 
fat cells in vitro. 

The composition will contain the active ingredient together with a pharmaceutical^ 
acceptable carrier or diluent, which will be selected by the skilled artisan according 

10 to the route of administration. The pharmaceutical carrier or diluent employed may 
be a conventional solid or liquid carrier, e.g. lactose, cyclodextrin, talc, gelatin, agar, 
pectin, magnesium stearate, cellulose-derivatives, or syrup, olive oil, phospholipids, 
polyoxyethylene or simply water. Similarly, the carrier or diluent may include any 
sustained release material known in the art, such as glyceryl monostearate or glyc- 

15 eryl distearate, alone or admixed with one or more waxes. The compositions may 
appear in conventional forms, such as capsules, tablets, aerosols, solutions, sus- 
pensions or topical applications. 

For the present indication the dosage will vary depending on the compound em- 
20 ployed and the mode of administration. Dosage levels will vary between about 0.01 
jjg/kg body weight to 10 mg/kg body weight daily, preferably between about 0.01 
Mg/kg body weight to 1 mg/kg body weight, more preferably between 0.1 to 10 \ig 
/kg body weight. The route of administration may be any route which effectively 
transports the active compound to the appropriate or desired site of action, such as 
25 oral, nasal, pulmonary, transdermal or parenteral, the oral or pulmonar route being 
preferred. 

The objective compounds may be administered as a pharmaceutical^ acceptable 
acid addition salt or, where appropriate, as a alkali metal or alkaline earth metal or 
30 lower alkylammonium salt. Such salt forms are believed to exhibit approximately the 
same order of activity as the free base forms. Suitable dosages may range from 
about 50 mg to about 200 mg, preferably from about 20 mg to about 100 mg of the 
compounds of formula I admixed with a pharmaceutically acceptable carrier or dilu- 
ent. 
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Summary of invention 

The present invention relates to the use of ghrelin or analogues thereof for treating 
the symptoms of malnutrition in an individual having been subjected to gastrectomy. 
5 Specifically, the instant invention pertains to the use of ghrelin or analogues or se- 
cretagogues thereof for increasing body weight, body fat mass, appetite and the well 
being in an gastrectomized individual. 

Description of Drawings 

10 

In the figures, 

Fig. 1 graphically shows that treatment of gastrectomised rats with the GH secreta- 
gogue MK677 increased body weight; 

15 

Fig. 2 graphically shows that the treated animals show a higher fat pad weight; 

Fig. 3 shows that treatment of gastrectomised rats with the GH secretagogue 
MK677 increased NPY mRNA levels in the hypothalamus. 

20 

Definitions 

Amino acid: Entity comprising an amino terminal part (NH 2 ) and a carboxy terminal 
part (COOH) separated by a central part comprising a carbon atom, or a chain of 

25 carbon atoms, comprising at least one side chain or functional group. NH 2 refers to 
the amino group present at the amino terminal end of an amino acid or peptide, and 
COOH refers to the carboxy group present at the carboxy terminal end of an amino 
acid or peptide. The generic term amino acid comprises both natural and non- 
natural amino acids. Natural amino acids of standard nomenclature as listed in J. 

30 Biol. Chem., 243:3552-59 (1969) and adopted in 37 C.F.R., section 1.822(b)(2) be- 
long to the group of amino acids listed in Table 1 herein below. Non-natural amino 
acids are those not listed in Table 1. Examples of non-natural amino acids are those 
listed e.g. in 37 C.F.R. section 1.822(b)(4), all of which are incorporated herein by 
reference. Further examples of non-natural amino acids are listed herein below. 

35 Amino acid residues described herein can be in the W D M or or "L" isomeric form. 
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Symbols Amino acid 
1 -Letter 3-Letter 
5 





Y 


Tyr 


tyrosine 




ri 




glycine 




r 


rne 


pnenyiaianine 




M 


Met 


metnionine 


1U 


A 

A 


Ala 


alanine 




b 


oer 


serine 




1 
1 


lie 


loUICUUII It? 




1 

L 


Leu 


leucine 




T 
1 


1 Ml 


inreonine 


A C 

1o 


V 


vai 


vaime 




P 


Pro 


proline 




K 


Lys 


lysine 




H 


His 


histidine 




Q 


Gin 


glutamine 


20 


E 


Glu 


glutamic acid 




W 


Trp 


tryptophan 




R 


Arg 


arginine 




D 


Asp 


aspartic acid 




N 


Asn 


asparagine 


25 


C 


Cys 


cysteine 



Table 1 . Natural amino acids and their respective codes. 

Appetite: Appetite in an individual is assessed by measuring the amount of food 
30 ingested and by assessing the individual's desire to eat. Appetite (i.e., hunger) is 

typically assessed with a short questionnaire given to individuals on a random basis 
several times a week. Typically, subjects rate their hunger, preoccupation with food, 
and desire to eat greater quantities and different types of food by answering the 
questions using analogue scales ranging from 1 , not at all, to 5, extremely. 
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Amino acid residue: the term "amino acid residue" is meant to encompass amino 
acids, either standard amino acids, non-standard amino acids or pseudo-amino ac- 
ids, which have been reacted with at least one other species, such as 2, for example 
3, such as more than 3 other species. In particular amino acid residues may com- 
5 prise an acyl bond in place of a free carboxyl group and/or an amine-bond and/or 
amide bond in place of a free amine group. Furthermore, reacted amino acids resi- 
dues may comprise an ester or thioester bond in place of an amide bond 

BMI: The body mass index (BMI) measures an individual's height/weight ratio. It is 
10 determined by calculating weight in kilograms divided by the square of height in 
meters. The BMI "normal" range is 19-22. 

Body fat mass: Body fat mass can be measured e.g. by the fat fold technique: In this 
technique, a pincer-type caliper is used to measure subcutaneous fat by determining 
15 skin fold thickness at representative sites on the body. These skin fold measure- 
ments are then used to compute body fat by either adding the scores from the vari- 
ous measurements and using this value as an indication of the relative degree of 
fatness among individuals or by using the measurements in mathematical equations 
that have been developed to predict percent body fat. 

20 

Cachexia: a wasting disorder, the symptoms of which comprise weight loss, wasting 
of muscle, loss of appetite, and general debilitation. These symptoms are often as- 
sociated with chronic disease. 

25 Concentration equivalent: A concentration equivalent is an Equivalents dosage be- 
ing defined as the dosage of a ghrelin-like compound having in vitro and/or in vivo 
the same response as evaluated from a dosage-response curve as wild-type ghre- 
lin. 

30 Gastrectomy: Herein, "gastrectomy" is defined as removal, loss or reduction in size 
of all, or part of, the stomach of an individual. Said removal or loss is preferably sur- 
gical removal. 

Gastrectomized individual: Herein, the term "gastrectomized individual" refers to a 
35 Individual who has undergone a gastrectomy, i.e. all or part of said individual's 
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stomach has been subjected to removal, loss, or reduction in size, preferably via 
surgical methods. 



Ghrelin: a polypeptide as described in Kojima M, Hosoda H, Date Y, Nakazato M, 
5 Matsuo H, Kangawa K 1999 Ghrelin is a growth-hormone-releasing acylated peptide 
from stomach. Nature 402:656-660. Human 28 aa ghrelin has the amino acid of 
SEQ ID NO: 1. 

GHS: growth hormone secretagogue 

10 

GHS-R 1a: the receptor for GHS. GHS-R 1a is also denoted GHS 1a. 

Individual: A living animal or human. In preferred embodiments, the subject is a 
mammal, including humans and non-human mammals such as dogs, cats, pigs, 
15 cows, sheep, goats, horses, rats, and mice. In the most preferred embodiment, the 
subject is a human. 

Isolated: is used to describe any of the various ghrelin-like compounds, polypeptides 
and nucleotides disclosed herein, that has been identified and separated and/or 
20 recovered from a component of its natural environment. Contaminant components of 
its natural environment are materials that would typically interfere with diagnostic or 
therapeutic uses for the polypeptide, and may include enzymes, hormones, and 
other proteinaceous or non-proteinaceous solutes. In preferred embodiments, the 
polypeptide will be purified. 

25 

"Loss of body weight": defined herein as a reduction in BMI. 

"Loss of body fat": defined herein as either a reduction of an individual's overall fat 
mass or a reduction in the percentage of an individual's body fat. 

30 

Peptide: Plurality of covalently linked amino acid residues defining a sequence and 
linked by amide bonds. The term is used analogously with oligopeptide and 
polypeptide. The amino acids may be both natural amino acids and non-natural 
amino acids, including any combination thereof. The natural and/or non-natural 
35 amino acids may be linked by peptide bonds or by non-peptide bonds. The term 
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peptide also embraces post-translational modifications introduced by chemical or 
enzyme-catalyzed reactions, as are known in the art. Such post-translational 
modifications can be introduced prior to partitioning, if desired. Amino acids as 
specified herein will preferentially be in the L-stereoisomeric form. Amino acid 
5 analogs can be employed instead of the 20 naturally-occurring amino acids. Several 
such analogs are known, including fluorophenylalanine, norleucine, azetidine-2- 
carboxylic acid, S-aminoethyl cysteine, 4-methyl tryptophan and the like. 

Furthermore, it should be noted that a dash at the beginning or end of an amino acid 
10 residue sequence indicates a peptide bond to a further sequence of one or more 

amino acid residues or a covalent bond to an amino-terminal group such as NH 2 or 
acetyl or to a carboxy-terminal group such as COOH. 

Receptor A receptor is a molecule, such as a protein, glycoprotein and the like, that 
15 can specifically (non-randomly) bind to another molecule 

Detailed description of the invention 

The present invention relates to ghrelin or analogues thereof for treating and/or pre- 
20 venting weight loss and related conditions in gastrectomised individuals. Accord- 
ingly, the present invention relates to treatment and/or prevention of loss of body 
weight and body fat, stimulation of weight gain, and increasing body fat mass. In 
particular the present invention relates to treatment and/or prevention of loss of body 
weight and body fat, or stimulation of weight gain, more preferably treatment and/or 
25 prevention of loss of body weight and body fat. Treatment and prevention is seen 
when an already arising weight loss is stopped from progressing and weight gain is 
initiated. This is probably due to the surprising effect of ghrelin or its analogues in 
gastrectomised individuals to stimulate appetite, and thereby stimulate of food in- 
take. The present invention also relates to stimulation of appetite and stimulation of 
30 food intake, more specifically to stimulation of appetite, in gastrectomised individu- 
als. The present invention thus relates to prophylaxis or treatment of cachexia, in 
gastrectomised individuals. 
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In another embodiment, it is envisaged that ghrelin may be used as a substance to 
increase the anabolic factor IGF-1 , and that as a result leads to increased body 
weight and/or prevention of loss of body weight and body fat. 

5 One aspect of the present invention pertains to use of ghrelin or an analogue thereof 
for the preparation of a medicament for the treatment of loss of body weight and 
body fat of a gastrectomized individual. 

"Ghrelin analogue" and "ghrelin-like compound" are used interchangeably herein, 
10 and are understood to refer to any peptide or non-peptide compound that essentially 
exerts the same biological effect as ghrelin in vivo. Exemplary non-peptide ghrelin 
analogues are described in EP 0 869 974 and EP 1 060 190, which illustrate a num- 
ber of ghrelin analogues and which documents are incorporated herein by way of re- 
ference. 

15 

Preferably, the ghrelin-like compound according to the present invention is a com- 
pound comprising a structure defined by formula I 

Z 1 - (X 1 ) m - (X 2 ) - (X 3 ) n - Z 2 , wherein 

20 

Z 1 is an optionally present protecting group 

each X 1 is independently selected from an amino acid, wherein said amino acid is 
selected from naturally occurring and synthetic amino acids, 

25 

X 2 is any amino acid selected from naturally occurring and synthetic occurring amino 
acids, said amino acid being modified with a bulky hydrophobic group, preferably an 
acyl group, or a fatty acid, 

30 each X 3 is independently selected from an amino acid, wherein said amino acid is 
selected from naturally occurring and synthetic amino acids, 



wherein one or more of X 1 and X 3 optionally may be modified by a bulky hydropho- 
bic group, preferably an acyl group, or a fatty acid, 
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Z 2 is an optionally present protecting group, 

m is an integer in the range of from 1-10 

5 n is 0 or an integer in the range of from 1-35. 

Accordingly, the term "ghrelin-like compound" includes the naturally occurring 28 aa 
human ghrelin, the amino acid sequence of which is shown in SEQ ID NO: 1, as well 
as the naturally occurring 27 aa human ghrelin, the amino acid sequence of which is 
10 shown in SEQ ID NO: 2. Thus, the present invention relates to the use of ghrelin or 
a peptide homologous thereto. Ghrelin is described by Kojima in Nature (1999), vol. 
402,656-660. 

The present invention includes diastereomers as well as their racemic and resolved 
15 enantiomerically pure forms. Ghrelin-like compounds can contain D-amino acids, L- 
amino acids, alpha-amino acids, beta-amino acids, gamma-amino acids, natural 
amino acid and synthetic amino acids or the like or a combination thereof. Prefera- 
bly, amino acids present in a ghrelin-like compound are the L-enantiomer. 

20 The ghrelin-like compound comprises an amino acid modified with a bulky hydro- 
phobic group. The number of amino acids N-terminally to the modified amino acid is 
preferably within the range of from 1-9. Accordingly, m is preferably an integer in the 
range of from 1-9, such as of from 1-8, such as of from 1-7, such as of from 1-6, 
such as of from 1-5, such as of from 1-4, such as of from 1-3, such as of from 1-2, 

25 such as 2. 

It is more preferred that the number of amino acids N-terminally to the modified 
amino acid is low, such as of from 1-3, such as of from 1-2. Most preferably 2 
amino acids are positioned N-terminal to the modified amino acid. 

30 

In a preferred embodiment (X 1 ) m has a Gly residue in the N-terminal part of the se- 
quence. Accordingly, in preferred embodiment (X 1 ) m is selected from the sequences: 



35 



Gly, Gly-Ser, Gly-Cys, Gly-Lys, Gly-Asp, Gly-Glu, Gly-Arg, Gly-His, Gly-Asn, Gly- 
Gln, Gly-Thr, and Gly-Tyr. 
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More preferably (X 1 ) m is selected from , Gly-Ser, and Gly-Cys, most preferably from 
Gly-Ser. 

5 In other words, in a preferred embodiment the ghrelin-like compound is selected 
from a compound of 

formula II Z 1 - Gly- (XVi - (X 2 ) - (X 3 ) n - Z 2 , 

10 formula III Z 1 - Gly- Ser - (X 2 ) - (XV Z 2 , and 

formula IV Z 1 - Gly - (X 2 ) - (X 3 ) n - Z 2 . 

And more preferably the ghrelin-like compound has formula III. 

15 

As described above, X 2 may be any amino acid modified with a bulky hydrophobic 
group. In particular X 2 is selected from the group of modified Ser, Cys, Asp, Lys, 
Trp, Phe, lie, and Leu. More preferably X 2 is selected from the group of modified 
Ser, modified Cys and modified Lys, and most preferably X 2 is modified Ser. 

20 

Furthermore, (X 1 ) m - (X 2 ) is preferably Gly-Xaa-Ser*. or Gly-Xaa-Cys*, wherein Xaa 
is any amino acid, more preferably (X 1 ) m - (X 2 ) is Gly-Ser-Ser*, or Gly-Ser-Cys*, 
wherein * indicates that the amino acid residue is modified with a bulky hydrophobic 
group. 

25 

(X 3 ) n preferably comprises a sequences which is a fragment of ghrelin, or a variant 
of a fragment of ghrelin, such as human ghrelin. Accordingly, (X 3 ) n preferably com- 
prises a sequence selected from one or more of the sequences shown below: 

30 Phe Leu Ser Pro Glu His Gin 

Phe Leu Ser Pro Glu His 

Phe Leu Ser Pro Glu 

Phe Leu Ser Pro 

Phe Leu Ser 
35 Phe Leu 
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Phe 

In a preferred embodiment the length of the ghrelin-like compound is substantially 
similar to the length of human ghrelin, i.e. 27 or 28 amino acids. Accordingly, n is 
5 preferably an integer in the range of from 1 -25, such as of from 1 -24, such as from 
1-15, such as of from 1-10, or such as of from 10-25, such as of from 10-24, such as 
of from 15-25, such as of from 15-24. 

(X 3 ) n may be selected from any fragment of ghrelin, such as human ghrelin, and 
10 accordingly, (X 3 )„ may be selected from one or more of the sequences shown below 
or a homologue thereof: 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin Pro Arg 
15 Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Ala Lys Leu Gin Pro 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
20 Ala Lys Leu 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala 

25 Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys Pro 
Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys Lys 
Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser Lys 
Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu Ser 

30 Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys Glu 

Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys 
Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg 
Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin 
Phe Leu Ser Pro Glu His Gin Arg Val Gin 

35 Phe Leu Ser Pro Glu His Gin Arg Val 
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Phe Leu Ser Pro Glu His Gin Arg 
Phe Leu Ser Pro Glu His Gin 
Phe Leu Ser Pro Glu His 
Phe Leu Ser Pro Glu 
Phe Leu Ser Pro 
Phe Leu Ser 
Phe Leu 
Phe 

Or selected from 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin Pro Arg 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin Pro 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys Pro 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys Lys 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser Lys 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu Ser 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys Glu 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg Lys 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin Arg 

Phe Leu Ser Pro Glu His Gin Lys Val Gin Gin 

Phe Leu Ser Pro Glu His Gin Lys Val Gin 

Phe Leu Ser Pro Glu His Gin Lys Val 

Phe Leu Ser Pro Glu His Gin Lys 
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Or selected from 



10 



15 



20 



25 



Phe Leu Ser Pro Glu His Gin Arg Ala 

Ala Lys Leu Gin Pro Arg 

Phe Leu Ser Pro Glu His Gin Arg Ala 

Ala Lys Leu Gin Pro 

Phe Leu Ser Pro Glu His Gin Arg Ala 

Ala Lys Leu Gin 

Phe Leu Ser Pro Glu His Gin Arg Ala 
Ala Lys Leu 

Phe Leu Ser Pro Glu His Gin Arg Ala 
Ala Lys 

Phe Leu Ser Pro Glu His Gin Arg Ala 
Ala 

Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 
Phe Leu Ser Pro Glu His Gin Arg Ala 



Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro 

Gin Gin Arg Lys Glu Ser Lys Lys 

Gin Gin Arg Lys Glu Ser Lys 

Gin Gin Arg Lys Glu Ser 

Gin Gin Arg Lys Glu 

Gin Gin Arg Lys 

Gin Gin Arg 

Gin Gin 

Gin 



Or selected from 



30 Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Ala Lys Leu Gin Pro Arg 

Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 
Ala Lys Leu Gin Pro 



WO 2004/032952 



18 



PCT/DK2003/000679 



Phe Leu Ser Pro Glu His Gin Lys Ala 
Ala Lys Leu Gin 

Phe Leu Ser Pro Glu His Gin Lys Ala 
Ala Lys Leu 

Phe Leu Ser Pro Glu His Gin Lys Ala 
Ala Lys 

Phe Leu Ser Pro Glu His Gin Lys Ala 
Ala 

Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 
Phe Leu Ser Pro Glu His Gin Lys Ala 



Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Gin Gin Arg Lys Glu Ser Lys Lys Pro Pro 

Lys Glu Ser Lys Lys Pro Pro 
Lys Glu Ser Lys Lys Pro 
Lys Glu Ser Lys Lys 
Lys Glu Ser Lys 
Lys Glu Ser 
Lys Glu 
Lys 



Gin Gin Arg 
Gin Gin Arg 
Gin Gin Arg 
Gin Gin Arg 
Gin Gin Arg 
Gin Gin Arg 
Gin Gin Arg 
Gin Gin Arg 
Gin Gin 
Gin 



In another embodiment (X 3 ) n preferably comprises or consists of a sequence se- 
lected from the sequences 



Phe Leu Ser Pro Glu His Gin 

Phe Leu Ser Pro Glu His 

Phe Leu Ser Pro Glu 

Phe Leu Ser Pro 

Phe Leu Ser 

Phe Leu 

Phe 



Functionality 



The ghrelin-like compounds described herein are active at the GHS receptor. The 
compounds can bind to the receptor, and preferably, stimulate receptor activity. 



WO 2004/032952 



19 



PCT/DK2003/000679 



GHS receptor activity can be measured using different techniques such as detecting 
a change in the intracellular conformation of the GHS receptor, in the G-protein cou- 
pled activities, and/or in the intracellular messengers. 

One simple measure of the ability of a ghrelin like compound to activate the ghrelin 
receptor is to measure its EC50, i.e. the dose at which the compound is able to acti- 
vates the signalling of the receptor to half of the maximal effect of the compound. 

The ghrelin receptor can either be expressed endogenously on primary cells cul- 
tures, for example pituitary cells, or heterologously expressed on cells transfected 
with the ghrelin receptor. Whole cell assays or assays using membranes prepared 
form either of these cell types can be used depending on the type of assay. 

As the ghrelin receptor is generally believed to be primarily coupled to the Gq sig- 
nalling pathway, any suitable assay which monitors activity in the Gq/G11 signalling 
pathway can be used, for example: 

1) an assay measuring the activation of Gq / G1 1 performed for example by meas- 
urement of GTPgS binding combined with, e.g., anti-GDq or -11 antibody pre- 
cipitation in order to increase the signal to noise ratio. This assay may also de- 
tect coupling to other G-proteins than Gq/1 1 . 

2) An assay which measure the activity of phopholipase C (PLC) one of the first 
down-stream effector molecules in the pathway, for example by measuring the 
accumulation of inositol phosphate which is one of the products of PLC. 

3) More down stream in the signalling cascade is the mobilization of calcium from 
the intracellular stores 

4) Further more down stream signalling molecules such as the activity of different 
kinds of MAP kinases (p38, jun, ect.), NF-k-B translocation and CRE driven 
gene transcription may also be measured. 
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Alternatively binding of fluorescently tagged arrestin-to the activated ghrelin receptor 
may also be used. 

In one embodiment the binding of a compound to the receptor GHS-R 1 A can be 
5 measured by the use of the assay described herein above. 

A ghrelin-like compound according to the invention preferably has at least about 
50%, at least about 60%, at least about 70%, at least about 80%, or at least about 
90%, functional activity relative to 28 aa human ghrelin as determined using the as- 
10 say described herein above, and/or an EC50 greater than about 1 ,000, greater than 
about 100, or greater than about 50, or greater than about 1 0. Greater refers to po- 
tency and thus indicates a lesser amount is needed to achieve binding inhibition. 

In one embodiment of the invention the compound has a potency (EC50) on the 
15 GHS-R 1 A of less than 500 nM. In another embodiment the compound has a po- 
tency (EC50) on the GHS-R 1A of less than 100 nM, such as less than 80 nM, for 
example less than 60 nM, such as less than 40 nM, for example less than 20 nM, 
such as less than 10 nM, for example less than 5 nM, such as less than 1 nM, for 
example less than 0.5 nM, such as less than 0.1 nM, for example less than 0.05 nM, 
20 such as less than 0.01 nM. 

In a further embodiment the dissociation constant (Kd) of the compound is less than 
500 nM. In a still further embodiment the dissociation constant (Kd) of the ligand is 
less than 100 nM, such as less than 80 nM, for example less than 60 nM, such as 
25 less than 40 nM, for example less than 20 nM, such as less than 10 nM, for example 
less than 5 nM, such as less than 1 nM, for example less than 0.5 nM, such as less 
than 0.1 nM, for example less than 0.05 nM, such as less than 0.01 nM. 

Binding assays can be performed using recombinantly produced GHS receptor 
30 polypeptides present in different environments. Such environments include, for ex- 
ample, cell extracts and purified cell extracts containing the GHS receptor polypep- 
tide expressed from recombinant nucleic acid or naturally occurring nucleic acid; 
and also include, for example, the use of a purified GHS receptor polypeptide pro- 
duced by recombinant means or from naturally occurring nucleic acid which is intro- 
35 duced into a different environment. 
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Using a recombinantly expressed GHS receptor offers several advantages such as 
the ability to express the receptor in a defined cell system so that a response to a 
compound at the GHS receptor can more readily be differentiated from responses at 
5 other receptors. For example, the GHS receptor can be expressed in a cell line such 
as HEK 293, COS 7, and CHO not normally expressing the receptor by an 
expression vector, wherein the same cell line without the expression vector can act 
as a control. 

10 Identity and homology 

The term "identity" or "homology" shall be construed to mean the percentage of 
amino acid residues in the candidate sequence that are identical with the residue of 
a corresponding sequence to which it is compared, after aligning the sequences and 

1 5 introducing gaps, if necessary to achieve the maximum percent identity for the entire 
sequence, and not considering any conservative substitutions as part of the se- 
quence identity. Neither N- or C-terminal extensions nor insertions shall be con- 
strued as reducing identity or homology. Methods and computer programs for the 
alignment are well known in the art. Sequence identity may be measured using se- 

20 quence analysis software (e.g., Sequence Analysis Software Package, Genetics 
Computer Group, University of Wisconsin Biotechnology Center, 1710 University 
Ave., Madison, Wis. 53705). This software matches similar sequences by assigning 
degrees of homology to various substitutions, deletions, and other modifications. 

25 A homologue of one or more of the sequences specified herein may vary in one or 
more amino acids as compared to the sequences defined, but is capable of per- 
forming the same function, i.e. a homologue may be envisaged as a functional 
equivalent of a predetermined sequence. 

30 As described above a homologue of any of the predetermined sequences herein 
may be defined as: 

i) . homologues comprising an amino acid sequence capable of being recog- 
nised by an antibody, said antibody also recognising the 28 aa human ghre- 
35 lin, preferably the acylated 28 aa human ghrelin, and/or 
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ii) homologues comprising an amino acid sequence capable of binding selec- 
tively to GHS-R 1a, and/or 

5 iii) homolougues having a substantially similar or higher binding affinity to GHS- 
R 1a than the 28 aa human ghrelin, preferably the acylated 28 aa human 
ghrelin. 

In the above examples, the 28 aa human ghrelin has the sequence shown in SEQ 
10 ID NO:1, and when acylated is acylated in position 3. 

The antibodies used herein may be antibodies binding the N-terminal part of ghrelin 
or the C-terminal part of ghrelin, preferably the N-terminal part of ghrelin. The anti- 
bodies may be antibodies as described in Ariyasu et al. "Delayed short-term secre- 
15 tory regulation of ghrelin in obese animals: Evidensed by a specific RIA for the ac- 
tive form of ghrelin, Endocrinology 143(9): 3341 -3350, 2002. 

Examples of homologues comprises one or more conservative amino acid 
substitutions including one or more conservative amino acid substitutions 
20 within the same group of predetermined amino acids, or a plurality of conser- 

vative amino acid substitutions, wherein each conservative substitution is 
generated by substitution within a different group of predetermined amino 
acids. 

25 Homologues may thus comprise conservative substitutions independently of one 
another, wherein at least one glycine (Gly) of said homologue is substituted 
with an amino acid selected from the group of amino acids consisting of Ala, 
Val, Leu, and He, and independently thereof, homologues, wherein at least 
one of said alanines (Ala) of said homologue thereof is substituted with an 

30 amino acid selected from the group of amino acids consisting of Gly, Val, 

Leu, and He, and independently thereof, homologues, wherein at least one 
valine (Val) of said homologue thereof is substituted with an amino acid se- 
lected from the group of amino acids consisting of Gly, Ala, Leu, and lie, and 
independently thereof, homologues thereof, wherein at least one of said leu- 

35 cines (Leu) of said homologue thereof is substituted with an amino acid se- 
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lected from the group of amino acids consisting of Gly, Ala, Val, and He, and 
independently thereof, homologues thereof, wherein at least one isoleucine 
(lie) of said homologues thereof is substituted with an amino acid selected 
from the group of amino acids consisting of Gly, Ala, Val and Leu, and inde- 
5 pendently thereof, homologues thereof wherein at least one of said aspartic 

acids (Asp) of said homologue thereof is substituted with an amino acid se- 
lected from the group of amino acids consisting of Glu, Asn, and Gin, and in- 
dependently thereof, homologues thereof, wherein at least one of said phen- 
ylalanines (Phe) of said homologues thereof is substituted with an amino 

10 acid selected from the group of amino acids consisting of Tyr, Trp, His, Pro, 

and preferably selected from the group of amino acids consisting of Tyr and 
Trp, and independently thereof, homologues thereof, wherein at least one of 
said tyrosines (Tyr) of said homologues thereof is substituted with an amino 
acid selected from the group of amino acids consisting of Phe, Trp, His, Pro, 

15 preferably an amino acid selected from the group of amino acids consisting 

of Phe and Trp, and independently thereof, homologues thereof, wherein at 
least one of said arginines (Arg) of said fragment is substituted with an amino 
acid selected from the group of amino acids consisting of Lys and His, and 
independently thereof, homologues thereof, wherein at least one lysine (Lys) 

20 of said homologues thereof is substituted with an amino acid selected from 

the group of amino acids consisting of Arg and His, and independently 
thereof, homologues thereof, wherein at least one of said aspargines (Asn) 
of said homologues thereof is substituted with an amino acid selected from 
the group of amino acids consisting of Asp, Glu, and Gin, and independently 

25 thereof, homologues thereof, wherein at least one glutamine (Gin) of said 

homologues thereof is substituted with an amino acid selected from the 
group of amino acids consisting of Asp, Glu, and Asn, and independently 
thereof, homologues thereof, wherein at least one proline (Pro) of said 
homologues thereof is substituted with an amino acid selected from the 

30 group of amino acids consisting of Phe, Tyr, Trp, and His, and independently 

thereof, homologues thereof, wherein at least one of said cysteines (Cys) of 
said homologues thereof is substituted with an amino acid selected from the 
group of amino acids consisting of Asp, Glu, Lys, Arg, His, Asn, Gin, Ser, 
Thr, and Tyr. 



35 
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Conservative substitutions may be introduced in any position of a preferred prede- 
termined sequence. It may however also be desirable to introduce non-conservative 
substitutions, particularly, but not limited to, a non-conservative substitution in any 
one or more positions. 

5 

A non-conservative substitution leading to the formation of a functionally equivalent 
homologue of the sequences herein would for example i) differ substantially in po- 
larity, for example a residue with a non-polar side chain (Ala, Leu, Pro, Trp, Val, lie, 
Leu, Phe or Met) substituted for a residue with a polar side chain such as Gly, Ser, 

10 Thr, Cys, Tyr, Asn, or Gin or a charged amino acid such as Asp, Glu, Arg, or Lys, or 
substituting a charged or a polar residue for a non-polar one; and/or ii) differ sub- 
stantially in its effect on polypeptide backbone orientation such as substitution of or 
for Pro or Gly by another residue; and/or Hi) differ substantially in electric charge, for 
example substitution of a negatively charged residue such as Glu or Asp for a posi- 

15 tively charged residue such as Lys, His or Arg (and vice versa); and/or iv) differ sub- 
stantially in steric bulk, for example substitution of a bulky residue such as His, Trp, 
Phe or Tyr for one having a minor side chain, e.g. Ala, Gly or Ser (and vice versa). 

Substitution of amino acids may in one embodiment be made based upon their hy- 
20 drophobicity and hydrophilicity values and the relative similarity of the amino acid 
side-chain substituents, including charge, size, and the like. Exemplary amino acid 
substitutions which take various of the foregoing characteristics into consideration 
are well known to those of skill in the art and include: arginine and lysine; glutamate 
and aspartate; serine and threonine; glutamine and asparagine; and valine, leucine 
25 and isoleucine. 

In a preferred embodiment the binding domain comprises a homologue having an 
amino acid sequence at least 60 % homologous to SEQ ID NO 1. 

30 More preferably the homology is at least 65 %, such as at least 70 % homologous, 
such as at least 75 % homologous, such as at least 80 % homologous, such as at 
least 85 % homologous, such as at least 90 % homologous, such as at least 95 % 
homologous, such as at least 98 % homologous to SEQ ID NO 1. 
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In a more preferred embodiment the percentages mentioned above relates to the 
identity of the sequence of a homologue as compared to SEQ ID NO 1. 

Homologues to SEQ ID NO: 1 may be 27 aa human ghrelin SEQ ID NO: 2, rat ghre- 
5 lin SEQ ID NO: 3. Other homologues are the variants described in EP 1 197496 
(Kangawa) incorporated herein by reference. 

Bulky hydrophobic group 

The bulky hydrophobic group of the ghrelin-like compound according to the 
10 invention is any bulky hydrophobic group capable of providing the des-acylated 28 
aa human ghrelin with binding affinity to GHS-R 1a when the Ser residue in position 
3 is modified with the bulky hydrophobic group. 

When the amino acid being modified contains e.g. - OH, -SH, -NH or -NH 2 as a 
15 substituent group in a side chain thereof, a group formed by acylating such a 

substituent group is preferred. The mode of linkage may thus be selected from the 
group consisting of ester, ether, thioester, thioether, amide and carbamide. 

For example, if the modified amino acid is serine, threonine, tyrosine or oxyproline, 
20 the amino acid has a hydroxyl group in the side chain. If the modified amino acid is 
cysteine, the amino acid has a mercapto group in the side chain. If the modified 
amino acid is lysine, arginine, histidine, tryptophan, proline oroxyproline, it has an 
amino group or imino group in the side chain. 

25 The hydroxyl group, mercapto group, amino group and imino group described above 
may thus have been chemically modified. That is, the hydroxyl group or mercapto 
group may be etherized, esterified, thioetherified or thioesterified. The imino group 
may have been iminoetherified, iminothioetherified or alkylated. The amino group 
may have been amidated, thioamidated or carbamidated. 

30 

Further, the mercapto group may have been disulfidated, the imino group may have 
been amidated or thioamidated, and the amino group may have been alkylated or 
thiocarbamidated. 
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In a preferred embodiment the modified amino acid is Ser coupled through an ester 
linkage to the hydrophobic group. 

The hydrophobic group may be any group with a saturated or unsaturated alkyl or 
5 acyl group containing one or more carbon atoms. In one embodiment the bulky 

hydrophobic group is an acyl group, including groups formed by removing a hydroxyl 
group from an organic carboxylic acid, organic sulfonic acid or organic phosphoric 
acid. The organic carboxylic acid includes e.g. fatty acids, and the number of carbon 
atoms thereof is preferably 1 to 35. In the organic sulfonic acid or organic 
10 phosphoric acid, the number of carbon atoms thereof is preferably 1 to 35. 

Accordingly, the acyl group is preferably selected from a C1-C35 acyl group, such 
as a C1 - C20 acyl group, such as a C1 - C15 acyl group, such as a C6 - C15 acyl 
group, such as a C6 - C12 acyl group, such as a C8 - C12 acyl group. 

15 

More preferably the acyl group is selected from the group of C7 acyl group, C8 acyl 
group, C9 acyl group, C10 acyl group, C1 1 acyl group, and C12 acyl group. Such 
acyl group may be formed from octanoic acid (preferably caprylic acid), decanoic 
acid (preferably capric acid), or dodecanoic acid (preferably lauric acid), as well as 
20 monoene or polyene fatty acids thereof. 

In one embodiment the acyl group is selected from the group of C8 acyl group, and 
C10 acyl group. Such acyl groups may be formed from octanoic acid (preferably 
caprylic acid), or decanoic acid (preferably capric acid). 

25 

In another embodiment the acyl group is selected from the group of C7 acyl group, 
C9 acyl group, and C1 1 acyl group, such as from the group of C9 acyl group and 
C1 1 acyl group. 

30 Furthermore, the modified amino acid may be any amino acid wherein a group is 
modified as described in EP 1 197 496 (Kangawa), which is hereby incorporated by 
reference. 

Protecting group 
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The ghrelin-like compound according to the invention may comprise a protecting 
group at the N-terminus or the C-terminus or at both. 

A protecting group covalently joined to the N-terminal amino group reduces the re- 
5 activity of the amino terminus under in vivo conditions. Amino protecting groups in- 
clude - C1-10 alkyl, -C1-10 substituted alkyl, -C2-10 alkenyl, -C2-10 substituted 
alkenyl, aryl, -C1-6 alkyl aryl, -C(O)- (CH2) 1-6-COOH, -C(0)-C1-6 alkyl, -C(0)-aryl, 
-C (0)-0-C1-6 alkyl, or-C (O)-O-aryl. Preferably, the amino terminus protecting 
group is acetyl, propyl, succinyl, benzyl, benzyloxycarbonyl or tbutyloxycarbonyl. 

10 

A protecting group covalently joined to the C-terminal carboxy group reduces the 
reactivity of the carboxy terminus under in vivo conditions. The carboxy terminus 
protecting group is preferably attached to the a-carbonyl group of the last amino 
acid. Carboxy terminus protecting groups include amide, methylamide, and eth- 
15 ylamide. 

Conjugates 

20 The ghrelin-like compound may also be administered in a form, wherein the ghrelin- 
like compound is conjugated to another entity, in order for example, to prolong its 
half-life. 

In one embodiment the conjugate is a a conjugate of ghrelin or a derivative or 
25 homologue thereof and Ac-RYY(RK)(WI)RK)-NH 2 , where the brackets show allow- 
able variation of amino acid residues. Examples of peptides in the conjugate may 
also be found in US patent application 2003040472 

Medicament -treated indications 

30 In one aspect of the present invention ghrelin or an analogue thereof is used for the 
preparation of a medicament for use by an individual in need of such treatment. 
Preferably, said medicament is used to treat loss of body weight and/or body fat in 
of a gastrectomized individual. In another preferred embodiment, the treatment 
stimulates appetite and/or prevents malnutrition of the individual. "The term "malnu- 

35 trition*' refers to a state whereby an individual does not consume, absorb, or main- 
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tain in their body sufficient levels of one or more macro- or micro-nutrients so as to 
remain fit and healthy. In another, equally preferred embodiment, the treatment 
comprises improving the sense of well being and the quality of life in a gastrecto- 
mized individual. 

5 

In any of the treatments described herein, ghrelin or an analogue thereof may be 
used in combination with one or more other stomach-derived factor. This other 
stomach-derived factor may include any hormone, acylated or nonacylated peptide, 
amino acid derivative, nucleotide, fatty acid derivative, carbohydrate or other sub- 
10 stance derived or secreted from the stomach, and may preferably (but not exclu- 
sively) be selected from the following list: 

Pacreastatin, gastrin, histamine, resistine, prostaglandins such as prostaglandin 
E2, intrinsic factor. 

15 In addition to "stomach derived factors", ghrelin can also be used in combination 
with any synthetic low or high molecular weight agonist acting on the the same re- 
ceptor as a "stomach derived factor" . 

Pharmaceutical compositions 

20 

Whilst it is possible for the compounds or salts of the present invention to be ad- 
ministered as the raw chemical, it is preferred to present them in the form of a 
pharmaceutical composition. Accordingly, the present invention further provides a 
pharmaceutical composition, for medicinal application, which comprises ghrelin or 

25 an analogue or pharmaceutical^ acceptable salt thereof, as herein defined, and a 
pharmaceutical^ acceptable carrier therefor. Said compositions of the present in- 
vention may preferably be delivered to an individual in any way so as to achieve a 
beneficial effect, preferably by stimulating appetite and/or preventing malnutrition, 
and/or improving the individual's sense of well-being or quality of life. In one pre- 

30 ferred embodiment, a composition according to the present invention is adminis- 
tered via an oral, nasal, pulmonary, transdermal or parenteral route. More prefera- 
bly, the composition is administered via the oral or pulmonary route. Other drug- 
administration methods, which are effective to deliver the drug to a target site or to 
introduce the drug into the bloodstream, are also contemplated. 

35 
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The compounds according to the invention may be administered with at least one 
other compound. The compounds may be administered simultaneously, either as 
separate compositions or combined in a unit dosage form, or administered sequen- 
tially. 

5 

In a preferred embodiment, the pharmaceutical composition is not immunogenic 
when administered to a individual for therapeutic purposes, unless that purpose is to 
induce an immune response. 

10 Preferably, the composition comprises ghrelin or an analogue or pharmaceutical^ 
acceptable salt thereof and pharmaceutical^ acceptable carriers, vehicles and/or 
excipients and/or transport molecules for the treatment of loss of body weight and 
body fat in a gastrectomized individual. 

15 Transport molecules act by having incorporated into or anchored to it the compound 
according to the invention. Any suitable transport molecules known to the skilled 
person may be used. Examples of transport molecules may be liposomes, micelles, 
and/or microspheres. 

20 A variety of methods are available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev. Biophys. Bioeng. 9:467 (1980), U.S. Pat. Nos. 4, 235,871, 
4,501,728 and 4,837,028, all of which are incorporated herein by reference. 

Micelles are formed by surfactants (molecules that contain a hydrophobic portion 
25 and one or more ionic or otherwise strongly hydrophilic groups) in aqueous solution. 
As the concentration of a solid surfactant increases, its monolayers adsorbed at the 
air/water or glass/water interfaces become so tightly packed that further occupancy 
requires excessive compression of the surfactant molecules already in the two 
monolayers. Further increments in the amount of dissolved surfactant beyond that 
30 concentration cause amounts equivalent to the new molecules to aggregate into 

micelles. This process begins at a characteristic concentration called "critical micelle 
concentration". 

The shape of micelles formed in dilute surfactant solutions is approximately 
35 spherical. The polar head groups of the surfactant molecules are arranged in an 
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outer spherical shell whereas their hydrocarbon chains are oriented toward the 
center, forming a spherical core for the micelle. The hydrocarbon chains are 
randomly coiled and entangled and the micellar interior has a nonpolar, liquid-like 
character. In the micelles of polyoxyethylated nonionic detergents, the 
5 polyoxyethlene moieties are oriented outward and permeated by water. This 

arrangement is energetically favorable since the hydrophilic head groups are in 
contact with water and the hydrocarbon moieties are removed from the aqueous 
medium and partly shielded from contact with water by the polar head groups. The 
hydrocarbon tails of the surfactant molecules, located in the interior of the micelle, 
1 0 interact with one another by weak van der Waals forces. 

The size of a micelle or its aggregation number is governed largely by geometric 
factors. The radius of the hydrocarbon core cannot exceed the length of the 
extended hydrocarbon chain of the surfactant molecule. Therefore, increasing the 

15 chain length or ascending homologous series increases the aggregation number of 
spherical micelles. If the surfactant concentration is increased beyond a few percent 
and if electrolytes are added (in the case of ionic surfactants) or the temperature is 
raised (in the case of nonionic surfactants), the micelles increase in size. Under 
these conditions, the micelles are too large to remain spherical and become 

20 ellipsoidal, cylindrical or finally lamellar in shape. 

Common surfactants well known to one of skill in the art can be used in the micelles 
of the present invention. Suitable surfactants include sodium laureate, sodium ole- 
ate, sodium lauryl sulfate, octaoxyethylene glycol monododecyl ether, octoxynol 9 
25 and PLURONIC F-127 (Wyandotte Chemicals Corp.). Preferred surfactants are 
nonionic polyoxyethylene and polyoxypropylene detergents compatible with IV in- 
jection such as, TWEEN-80, PLURONIC F-68, n-octyl-.beta.-D-glucopyranoside, 
and the like. In addition, phospholipids, such as those described for use in the pro- 
duction of liposomes, may also be used for micelle formation. 

30 

As used herein, the terms "pharmaceutical^ acceptable", "physiologically tolerable" 
and grammatical variations thereof, as they refer to compositions, carriers, diluents 
and reagents, are used interchangeably and represent that the materials are capa- 
ble of administration to or upon an individual without the production of undesirable 
35 physiological effects such as nausea, dizziness, gastric upset and the like. 
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The preparation of a pharmacological composition that contains active ingredients 
dissolved or dispersed therein is well understood in the art. Typically such composi- 
tions are prepared as sterile injectables either as liquid solutions or suspensions, 
5 aqueous or non-aqueous, however, solid forms suitable for solution, or suspensions, 
in liquid prior to use can also be prepared. The preparation can also be emulsified. 

The active ingredient can be mixed with excipients which are pharmaceutical^ ac- 
ceptable and compatible with the active ingredient and in amounts suitable for use in 
10 the therapeutic methods described herein. Suitable excipients are, for example, 
water, saline, dextrose, glycerol, ethanol or the like and combinations thereof. In 
addition, if desired, the composition can contain minor amounts of auxiliary sub- 
stances such as wetting or emulsifying agents, pH buffering agents and the like 
which enhance the effectiveness of the active ingredient. 

15 

The pharmaceutical composition of the present invention can include pharmaceuti- 
cal^ acceptable salts of the compounds therein. Pharmaceutical^ acceptable salts 
include the acid addition salts (formed with the free amino groups of the polypep- 
tide). 

20 

Such salts include pharmaceutical^ acceptable acid addition salts, pharmaceutical^ 
acceptable metal salts, ammonium salts and alkylated ammonium salts. Acid addi- 
tion salts include salts of inorganic acids as well as organic acids. Representative 
examples of suitable inorganic acids include hydrochloric, hydrobromic, hydriodic, 

25 phosphoric, sulpfuric and nitric acids and the like. Representative examples of suit- 
able organic acids include formic, acetic, trichloroacetic, trifluoroacetic, propionic, 
benzoic, cinnamic, citric, fumaric, glycolic, lactic, maleic, malic, malonic, mandelic, 
oxalic, picric, pyruvic, salicylic, succinic, methanesulfonic, ethanesulfonic, tartaric, 
ascorbic, pamoic, bismethylene salicylic, ethanedisulfonic, gluconic, citraconic, as- 

30 partic, stearic, palmitic, ethylenediaminetetraacetic (EDTA), p-aminobenzoic, glu- 
tamic, benzenesulfonic and ptoluenesulfonic acids and the like. Further examples of 
pharmaceutical^ acceptable inorganic or organic acid addition salts include the 
pharmaceutical acceptable salts listed in J. Pharm. Sci. 1977,66,2, which is incorpo- 
rated herein by reference. Examples of metal salts include lithium, sodium, potas- 

35 sium and magnesium salts and the like. 
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Examples of ammonium and alkylated ammonium salts include ammonium, meth- 
ylammonium, dimethylammonium, trimethylammonium, ethylammonium, hy- 
droxyethylammonium, diethylammonium, butylammonium and tetramethylammo- 
5 nium salts and the like. 

Salts formed with the free carboxyl groups can also be derived from inorganic bases 
such as, for example, sodium, potassium, ammonium, calcium or ferric hydroxides, 
and such organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, 
10 histidine, procaine and the like. 

Also included within the scope of compounds or pharmaceutical acceptable acid 
addition salts thereof in the context of the present invention are any hydrates (hy- 
drated forms) thereof. 

15 

Liquid compositions can also contain liquid phases in addition to and to the exclu- 
sion of water. Exemplary of such additional liquid phases are glycerin, vegetable oils 
such as cottonseed oil, organic esters such as ethyl oleate, and water-oil emulsions. 

20 Suitable pharmaceutical carriers include inert solid diluents or fillers, sterile aqueous 
solution and various organic solvents. Examples of solid carriers are lactose, terra 
alba, sucrose, cyclodextrin, talc, gelatine, agar, pectin, acacia, magnesium stearate, 
stearic acid or lower alkyl ethers of cellulose. Examples of liquid carriers are syrup, 
peanut oil, olive oil, phospholipids, fatty acids, fatty acid amines, polyoxyethylene or 

25 water. 

The pharmaceutical compositions formed by combining the compounds of the in- 
vention and the pharmaceutical acceptable carriers are then readily administered in 
a variety of dosage forms suitable for the disclosed routes of administration. The 
compositions may conveniently be presented in unit dosage form by methods known 
30 in the art of pharmacy. 

In a preferred embodiment of the invention the composition comprises the ghrelin- 
like compound or a salt thereof as a lyophilisate and the composition further com- 
prises a solvent. In another embodiment the composition is a solution of the ghrelin- 
35 like compound or a salt thereof. Preferably, the solvent may be any suitable sol- 
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vents, such as described herein, and preferably the solvent is saline or a physiologi- 
cal buffer like phosphate buffer. 

The invention also relates to a method for preparing a medicament or pharmaceuti- 
5 cal composition comprising an compound of the invention, comprising admixing at 
least one ghrelin-like compound as defined above with a physiologically acceptable 
carrier. 

In a still further aspect, the invention relates to a pharmaceutical composition com- 
10 prising, as an active ingredient, a compound as defined above or a pharmaceutical 
acceptable salt thereof together with a pharmaceutical acceptable carrier. 

Accordingly, the composition may further include the transport molecules as de- 
scribed above. 

15 

In a further aspect of the invention the present compounds may be administered in 
combination with further pharmacologically active substances known to increase 
body weight, e. g. melanin-concentating hormone (MCH), MCH receptors agonists, 
especially MCH receptor 1 agonists, neuropeptide Y (NPY), NPY receptor 1 ago- 

20 nists and NPY receptor 5 agonists, NPY receptor 2 antagonists including pepetide 
YY (PYY) and PYY (3-36), alpha-melanocyte stimulating hormone (alpha-MSH, 
alpha-melanocortin), melanocortin-3 receptor (MC3R) antagonists, melanocortin-4 
receptor (MC4R) antagonists, agouti-related peptide (Agrp), Agrp- agonists, co- 
caine- and amphetamine-regulated transcript (CART) antagonists, orexin receptor 1 

25 and receptor 2 agonists, growth hormone (GH), GH receptor agonists, and insulin- 
like growth factor-1 (IGF-1), IGF-1 receptor 1 agonists or other pharmacologically 
active material. Moreover, the further active substance may comprise other stom- 
ach derived factors including, but not restricted to, one or more of gastrin, pancreo- 
statin, histamine, resistine, prostaglandins such as prostaglandin E2, intrinsic factor. 

30 The combination may be in the form of kit-in-part systems, wherein the combined 
active substances may be used for simultaneous, sequential or separate admini- 
stration. 

Compositions for oral administration 



35 
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The compounds of the present invention may be formulated in a wide variety of oral 
administration dosage forms. The pharmaceutical compositions and dosage forms 
may comprise the compounds of the invention or its pharmaceutical^ acceptable 
salt or a crystal form thereof as the active component. The pharmaceutical^ accept- 
5 able carriers can be either solid or liquid. Solid form preparations include powders, 
tablets, pills, capsules, cachets, suppositories, and dispersible granules. A solid car- 
rier can be one or more substances which may also act as diluents, flavoring 
agents, solubilizers, lubricants, suspending agents, binders, preservatives, wetting 
agents, tablet disintegrating agents, or an encapsulating material. 

10 

Preferably, the composition will be about 0.5% to 75% by weight of a compound or 
compounds of the invention, with the remainder consisting of suitable pharmaceuti- 
cal excipients. For oral administration, such excipients include pharmaceutical 
grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, tal- 
15 cum, cellulose, glucose, gelatin, sucrose, magnesium carbonate, and the like. 

In powders, the carrier is a finely divided solid which is a mixture with the finely di- 
vided active component. In tablets, the active component is mixed with the carrier 
having the necessary binding capacity in suitable proportions and compacted in the 

20 shape and size desired. The powders and tablets preferably containing from one to 
about seventy percent of the active compound. Suitable carriers are magnesium 
carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, 
tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax, 
cocoa butter, and the like. The term "preparation" is intended to include the compo- 

25 sition of the active compound with encapsulating material as carrier providing a cap- 
sule in which the active component, with or without carriers, is surrounded by a car- 
rier, which is in association with it. Similarly, cachets and lozenges are included. 
Tablets, powders, capsules, pills, cachets, and lozenges can be as solid forms suit- 
able for oral administration. 

30 

Drops according to the present invention may comprise sterile or non-sterile aque- 
ous or oil solutions or suspensions, and may be prepared by dissolving the active 
ingredient in a suitable aqueous solution, optionally including a bactericidal and/or 
fungicidal agent and/or any other suitable preservative, and optionally including a 
35 surface active agent. The resulting solution may then be clarified by filtration, 
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transferred to a suitable container which is then sealed and sterilized by autoclaving 
or maintaining at 98-100 °C for half an hour. Alternatively, the solution may be ster- 
ilized by filtration and transferred to the container aseptically. Examples of bacteri- 
cidal and fungicidal agents suitable for inclusion in the drops are phenylmercuric 
5 nitrate or acetate (0.002%), benzalkonium chloride (0.01%) and chlorhexidine ace- 
tate (0.01%). Suitable solvents for the preparation of an oily solution include glyc- 
erol, diluted alcohol and propylene glycol. 

Also included are solid form preparations which are intended to be converted, 
10 shortly before use, to liquid form preparations for oral administration. Such liquid 
forms include solutions, suspensions, and emulsions. These preparations may con- 
tain, in addition to the active component, colorants, flavors, stabilizers, buffers, artifi- 
cial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the 
like. 

15 

Other forms suitable for oral administration include liquid form preparations including 
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions, toothpaste, gel 
dentrifrice, chewing gum, or solid form preparations which are intended to be con- 
verted shortly before use to liquid form preparations. Emulsions may be prepared in 

20 solutions in aqueous propylene glycol solutions or may contain emulsifying agents 
such as lecithin, sorbitan monooleate, or acacia. Aqueous solutions can be prepared 
by dissolving the active component in water and adding suitable colorants, flavors, 
stabilizing and thickening agents. Aqueous suspensions can be prepared by dis- 
persing the finely divided active component in water with viscous material, such as 

25 natural or synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, 
and other well known suspending agents. Solid form preparations include solutions, 
suspensions, and emulsions, and may contain, in addition to the active component, 
colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants, 
thickeners, solubilizing agents, and the like. 

30 

Compositions for parenteral administration 

The compounds of the present invention may be formulated for parenteral admini- 
stration (e.g., by injection, for example bolus injection or continuous infusion) and 
35 may be presented in unit dose form in ampoules, pre-filled syringes, small volume 
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infusion or in multi-dose containers with an added preservative. The compositions 
may take such forms as suspensions, solutions, or emulsions in oily or aqueous 
vehicles, for example solutions in aqueous polyethylene glycol. Examples of oily or 
nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, poly- 
5 ethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., 
ethyl oleate), and may contain formulatory agents such as preserving, wetting, 
emulsifying or suspending, stabilizing and/or dispersing agents. Alternatively, the 
active ingredient may be in powder form, obtained by aseptic isolation of sterile solid 
or by lyophilisation from solution for constitution before use with a suitable vehicle, 

10 e.g., sterile, pyrogen-free water. Aqueous solutions should be suitably buffered if 
necessary, and the liquid diluent first rendered isotonic with sufficient saline or glu- 
cose. The aqueous solutions are particularly suitable for intravenous, intramuscular, 
subcutaneous and intraperitoneal administration. The sterile aqueous media em- 
ployed are all readily available by standard techniques known to those skilled in the 

15 art. 

Solutions of ghrelin or an analogue or pharmaceutical^ acceptable salt thereof, (and 
for example antigenic epitopes and protease inhibitors) can be prepared in water or 
saline, and optionally mixed with a nontoxic surfactant. Compositions for intravenous . 
20 or intra-arterial administration may include sterile aqueous solutions that may also 
contain buffers, liposomes, diluents and other suitable additives. 

Oils useful in parenteral compositions include petroleum, animal, vegetable, or syn- 
thetic oils. Specific examples of oils useful in such compositions include peanut, 
25 soybean, sesame, cottonseed, corn, olive, petrolatum, and mineral. Suitable fatty 
acids for use in parenteral compositions include oleic acid, stearic acid, and isoste- 
aric acid. Ethyl oleate and isopropyl myristate are examples of suitable fatty acid 
esters. 

30 Suitable soaps for use in parenteral compositions include fatty alkali metal, ammo- 
nium, and triethanolamine salts, and suitable detergents include (a) cationic deter- 
gents such as, for example, dimethyl dialkyl ammonium halides, and alkyl pyridinium 
halides; (b) anionic detergents such as, for example, alkyl, aryl, and olefin sul- 
fonates, alkyl, olefin, ether, and monoglyceride sulfates, and sulfosuccinates, (c) 

35 nonionic detergents such as, for example, fatty amine oxides, fatty acid alkano- 
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lamides, and polyoxyethylenepolypropylene copolymers, (d) amphoteric detergents 
such as, for example, alkyl-.beta.-aminopropionates, and 2-alkyI-imidazoline quater- 
nary ammonium salts, and (e) mixtures thereof. 

5 The parenteral compositions typically will contain from about 0.5 to about 25% by 
weight of the active ingredient in solution. Preservatives and buffers may be used. In 
order to minimize or eliminate irritation at the site of injection, such compositions 
may contain one or more nonionic surfactants having a hydrophile-lipophile balance 
(HLB) of from about 12 to about 17. The quantity of surfactant in such compositions 

10 will typically range from about 5 to about 15% by weight. Suitable surfactants in- 
clude polyethylene sorbitan fatty acid esters, such as sorbitan monooleate and the 
high molecular weight adducts of ethylene oxide with a hydrophobic base, formed by 
the condensation of propylene oxide with propylene glycol. The parenteral composi- 
tions can be presented in unit-dose or multi-dose sealed containers, such as am- 

15 pules and vials, and can be stored in a freeze-dried (lyophilized) condition requiring 
only the addition of the sterile liquid excipient, for example, water, for injections, im- 
mediately prior to use. Extemporaneous injection solutions and suspensions can be 
prepared from sterile powders, granules, and tablets of the kind previously de- 
scribed. 

20 

The pharmaceutical dosage forms suitable for injection or infusion can include ster- 
ile aqueous solutions or dispersions comprising the active ingredient that are 
adapted for administration by encapsulation in liposomes. In all cases, the ultimate 
dosage form must be sterile, fluid and stable under the conditions of manufacture 
25 and storage. 

Sterile injectable solutions are prepared by incorporating ghrelin or an analogue or 
pharmaceutically acceptable salt thereof in the required amount in the appropriate 
solvent with various of the other ingredients enumerated above, as required, fol- 
30 lowed by filter sterilization. 

Compositions for topical administration 



35 



The compounds of the invention can also be delivered topically. Regions for topical 
administration include the skin surface and also mucous membrane tissues of the 
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rectum, nose, mouth, and throat. Compositions for topical administration via the skin 
and mucous membranes should not give rise to signs of irritation, such as swelling 
or redness. 

5 The topical composition may include a pharmaceutical^ acceptable carrier adapted 
for topical administration. Thus, the composition may take the form of a suspension, 
solution, ointment, lotion, cream, foam, aerosol, spray, suppository, implant, inha- 
lant, tablet, capsule, dry powder, syrup, balm or lozenge, for example. Methods for 
preparing such compositions are well known in the pharmaceutical industry. 

10 

The compounds of the present invention may be formulated for topical administra- 
tion to the epidermis as ointments, creams or lotions, or as a transdermal patch. 
Ointments and creams may, for example, be formulated with an aqueous or oily 
base with the addition of suitable thickening and/or gelling agents. Lotions may be 

15 formulated with an aqueous or oily base and will in general also containing one or 
more emulsifying agents, stabilizing agents, dispersing agents, suspending agents, 
thickening agents, or coloring agents. Compositions suitable for topical administra- 
tion in the mouth include lozenges comprising active agents in a flavored base, usu- 
ally sucrose and acacia or tragacanth; pastilles comprising the active ingredient in 

20 an inert base such as gelatin and glycerin or sucrose and acacia; and mouthwashes 
comprising the active ingredient in a suitable liquid carrier. 

Creams, ointments or pastes according to the present invention are semi-solid com- 
positions of the active ingredient for external application. They may be made by 

25 mixing the active ingredient in finely-divided or powdered form, alone or in solution 
or suspension in an aqueous or non-aqueous fluid, with the aid of suitable machin- 
ery, with a greasy or non-greasy base. The base may comprise hydrocarbons such 
as hard, soft or liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil 
of natural origin such as almond, corn, arachis, castor or olive oil; wool fat or its de- 

30 rivatives or a fatty acid such as steric or oleic acid together with an alcohol such as 
propylene glycol or a macrogel. The composition may incorporate any suitable sur- 
face active agent such as an anionic, cationic or non-ionic surfactant such as a sor- 
bitan ester or a polyoxyethylene derivative thereof. Suspending agents such as 
natural gums, cellulose derivatives or inorganic materials such as silicaceous silicas, 

35 and other ingredients such as lanolin, may also be included. 
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Lotions according to the present invention include those suitable for application to 
the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally 
containing a bactericide and may be prepared by methods similar to those for the 
5 preparation of drops. Lotions or liniments for application to the skin may also include 
an agent to hasten drying and to cool the skin, such as an alcohol or acetone, 
and/or a moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

The pharmaceutical agent-chemical modifier complexes described herein can be 
10 administered transdermally. Transdermal administration typically involves the deliv- 
ery of a pharmaceutical agent for percutaneous passage of the drug into the sys- 
temic circulation of the patient. The skin sites include anatomic regions for trans- 
dermally administering the drug and include the forearm, abdomen, chest, back, 
buttock, mastoidal area, and the like. 

15 

Transdermal delivery is accomplished by exposing a source of the complex to a 
patient's skin for an extended period of time. Transdermal patches have the added 
advantage of providing controlled delivery of a pharmaceutical agent-chemical 
modifier complex to the body. See Transdermal Drug Delivery: Developmental Is- 

20 sues and Research Initiatives, Hadgraft and Guy (eds.), Marcel Dekker, Inc., (1989); 
Controlled Drug Delivery: Fundamentals and Applications, Robinson and Lee (eds.), 
Marcel Dekker Inc., (1987); and Transdermal Delivery of Drugs, Vols. 1-3, Ky- 
donieus and Berner (eds.), CRC Press, (1987). Such dosage forms can be made by 
dissolving, dispersing, or otherwise incorporating the pharmaceutical agent-chemical 

25 modifier complex in a proper medium, such as an elastomeric matrix material. Ab- 
sorption enhancers can also be used to increase the flux of the compound across 
the skin. The rate of such flux can be controlled by either providing a rate-controlling 
membrane or dispersing the compound in a polymer matrix or gel. 

30 A variety of types of transdermal patches will find use in the methods described 
herein. For example, a simple adhesive patch can be prepared from a backing ma- 
terial and an acrylate adhesive. The pharmaceutical agent-chemical modifier com- 
plex and any enhancer are formulated into the adhesive casting solution and al- 
lowed to mix thoroughly. The solution is cast directly onto the backing material and 
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the casting solvent is evaporated in an oven, leaving an adhesive film. The release 
liner can be attached to complete the system. 

Alternatively, a polyurethane matrix patch can be employed to deliver the pharma- 
5 ceutical agent-chemical modifier complex. The layers of this patch comprise a 
backing, a polyurethane drug/enhancer matrix, a membrane, an adhesive, and a 
release liner. The polyurethane matrix is prepared using a room temperature curing 
polyurethane prepolymer. Addition of water, alcohol, and complex to the prepolymer 
results in the formation of a tacky firm elastomer that can be directly cast only the 
10 backing material. 

A further embodiment of this invention will utilize a hydrogel matrix patch. Typically, 
the hydrogel matrix will comprise alcohol, water, drug, and several hydrophilic poly- 
mers. This hydrogel matrix can be incorporated into a transdermal patch between 
15 the backing and the adhesive layer. 

The liquid reservoir patch will also find use in the methods described herein. This 
patch comprises an impermeable or semipermeable, heat sealable backing material, 
a heat sealable membrane, an acrylate based pressure sensitive skin adhesive, and 
20 a siliconized release liner. The backing is heat sealed to the membrane to form a 
reservoir which can then be filled with a solution of the complex, enhancers, gelling 
agent, and other excipients. 

Foam matrix patches are similar in design and components to the liquid reservoir 
25 system, except that the gelled pharmaceutical agent-chemical modifier solution is 
constrained in a thin foam layer, typically a polyurethane. This foam layer is situated 
between the backing and the membrane which have been heat sealed at the pe- 
riphery of the patch. 

30 For passive delivery systems, the rate of release is typically controlled by a mem- 
brane placed between the reservoir and the skin, by diffusion from a monolithic de- 
vice, or by the skin itself serving as a rate-controlling barrier in the delivery system. 
See U.S. Pat. Nos. 4,816,258; 4,927,408; 4,904,475; 4,588,580, 4,788,062; and the 
like. The rate of drug delivery will be dependent, in part, upon the nature of the 

35 membrane. For example, the rate of drug delivery across membranes within the 
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body is generally higher than across dermal barriers. The rate at which the complex 
is delivered from the device to the membrane is most advantageously controlled by 
the use of rate-limiting membranes which are placed between the reservoir and the 
skin. Assuming that the skin is sufficiently permeable to the complex (i.e., absorption 
5 through the skin is greater than the rate of passage through the membrane), the 
membrane will serve to control the dosage rate experienced by the patient. 

Suitable permeable membrane materials may be selected based on the desired 
degree of permeability, the nature of the complex, and the mechanical considera- 

10 tions related to constructing the device. Exemplary permeable membrane materials 
include a wide variety of natural and synthetic polymers, such as polydimethylsilox- 
anes (silicone rubbers), ethylenevinylacetate copolymer (EVA), polyurethanes, 
polyurethane-polyether copolymers, polyethylenes, polyamides, polyvinylchlorides 
(PVC), polypropylenes, polycarbonates, polytetrafluoroethylenes (PTFE), cellulosic 

15 materials, e.g., cellulose triacetate and cellulose nitrate/acetate, and hydrogels, e.g., 
2-hydroxyethylmethacrylate (HEMA). 

Other items may be contained in the device, such as other conventional compo- 
nents of therapeutic products, depending upon the desired device characteristics. 

20 For example, the compositions according to this invention may also include one or 
more preservatives or bacteriostatic agents, e.g., methyl hydroxybenzoate, propyl 
hydroxybenzoate, chlorocresol, benzalkonium chlorides, and the like. These phar- 
maceutical compositions also can contain other active ingredients such as antimi- 
crobial agents, particularly antibiotics, anesthetics, analgesics, and antipruritic 

25 agents. 

Compositions for administration as suppositories 

The compounds of the present invention may be formulated for administration as 
30 suppositories. A low melting wax, such as a mixture of fatty acid glycerides or cocoa 
butter is first melted and the active component is dispersed homogeneously, for ex- 
ample, by stirring. The molten homogeneous mixture is then poured into convenient 
sized molds, allowed to cool, and to solidify. 
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The active compound may be formulated into a suppository comprising, for exam- 
ple, about 0.5% to about 50% of a compound of the invention, disposed in a poly- 
ethylene glycol (PEG) carrier (e.g., PEG 1000 [96%] and PEG 4000 [4%]. 

5 

Compounds for nasal administration 

The compounds of the present invention may be formulated for nasal administration. 
The solutions or suspensions are applied directly to the nasal cavity by conventional 
10 means, for example with a dropper, pipette or spray. The compositions may be pro- 
vided in a single or multidose form. In the latter case of a dropper or pipette this may 
be achieved by the patient administering an appropriate, predetermined volume of 
the solution or suspension. In the case of a spray this may be achieved for example 
by means of a metering atomizing spray pump. 

15 

Compounds for aerosol administration 

The compounds of the present invention may be formulated for aerosol administra- 
tion, particularly to the respiratory tract and including intranasal administration. The 

20 compound will generally have a small particle size for example of the order of 5 mi- 
crons or less. Such a particle size may be obtained by means known in the art, for 
example by micronization. The active ingredient is provided in a pressurized pack 
with a suitable propellant such as a chlorofluorocarbon (CFC) for example dichloro- 
difluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, carbon diox- 

25 ide or other suitable gas. The aerosol may conveniently also contain a surfactant 
such as lecithin. The dose of drug may be controlled by a metered valve. Alterna- 
tively the active ingredients may be provided in a form of a dry powder, for example 
a powder mix of the compound in a suitable powder base such as lactose, starch, 
starch derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine 

30 (PVP). The powder carrier will form a gel in the nasal cavity. The powder composi- 
tion may be presented in unit dose form for example in capsules or cartridges of 
e.g., gelatin or blister packs from which the powder may be administered by means 
of an inhaler. 
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Compositions administered by aerosols may be prepared, for example, as solutions 
in saline, employing benzyl alcohol or other suitable preservatives, absorption pro- 
moters to enhance bioavailability, employing fluorocarbons, and/or employing other 
solubilizing or dispersing agents. 

5 

Pharmaceutical^ acceptable salts 

Pharmaceutical^ acceptable salts of the instant compounds, where they can be 
prepared, are also intended to be covered by this invention. These salts will be ones 
10 which are acceptable in their application to a pharmaceutical use. By that it is meant 
that the salt will retain the biological activity of the parent compound and the salt will 
not have untoward or deleterious effects in its application and use in treating dis- 
eases. 

15 Pharmaceutical^ acceptable salts are prepared in a standard manner. If the parent 
compound is a base it is treated with an excess of an organic or inorganic acid in a 
suitable solvent. If the parent compound is an acid, it is treated with an inorganic or 
organic base in a suitable solvent. 

20 The compounds of the invention may be administered in the form of an alkali metal 
or earth alkali metal salt thereof, concurrently, simultaneously, or together with a 
pharmaceutical^ acceptable carrier or diluent, especially and preferably in the form 
of a pharmaceutical composition thereof, whether by oral, rectal, or parenteral (in- 
cluding subcutaneous) route, in an effective amount. 

25 

Examples of pharmaceutical^ acceptable acid addition salts for use in the present 
inventive pharmaceutical composition include those derived from mineral acids, 
such as hydrochloric, hydrobromic, phosphoric, metaphosphoric, nitric and sulfuric 
acids, and organic acids, such as tartaric, acetic, citric, malic, lactic, fumaric, ben- 
30 zoic, glycolic, gluconic, succinic, p-toluenesulphonic acids, and arylsulphonic, for 
example. 
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Administration - dosing regimes 

The pharmaceutical preparations described herein are preferably in unit dosage 
forms. In such form, the preparation is subdivided into unit doses containing appro- 
5 priate quantities of the active component. The unit dosage form can be a packaged 
preparation, the package containing discrete quantities of preparation, such as 
packeted tablets, capsules, and powders in vials or ampoules. Also, the unit dosage 
form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate 
number of any of these in packaged form. When desired, compositions can be pre- 
10 pared with enteric coatings adapted for sustained or controlled release administra- 
tion of the active ingredient. 

In one aspect of the present invention, a suitable dose of the compositions de- 
scribed herein is administered in pharmaceutical^ effective amounts to an individual 

15 in need of such treatment. Herein, "pharmaceutically effective amounts", is defined 
as an administration involving a total amount of each active component of the me- 
dicament or pharmaceutical composition or method that is sufficient to show a 
meaningful patient benefit. The term "unit dosage form" as used herein refers to 
physically discrete units suitable as unitary dosages for human and animal subjects, 

20 each unit containing a predetermined quantity of a compound, alone or in combina- 
tion with other agents, calculated in an amount sufficient to produce the desired ef- 
fect in association with a pharmaceutical^ acceptable diluent, carrier, or vehicle. 
The specifications for the unit dosage forms of the present invention depend on the 
particular compound or compounds employed and the effect to be achieved, as well 

25 as the pharmacodynamics associated with each compound in the host. The dose 
administered should be an " effective amount" or an amount necessary to achieve 
an "effective level" in the individual patient. 

The dosage requirements will vary with the particular drug composition employed, 
30 the route of administration and the particular subject being treated. Ideally, a patient 
to be treated by the present method will receive a pharmaceutically effective amount 
of the compound in the maximum tolerated dose, generally no higher than that 
required before drug resistance develops Suitable dosing regimens are preferably 
determined taking into account factors well known in the art including type of subject 
35 being dosed; age, weight, sex and medical condition of the subject; the route of 
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administration; the renal and hepatic function of the subject; the desired effect; and 
the particular compound employed. 

Optimal precision in achieving concentrations of drug within the range that yields 
5 efficacy without toxicity requires a regimen based on the kinetics of the drug's 
availability to target sites. This involves a consideration of the distribution, 
equilibrium, and elimination of a drug. 

A preferred dosage of a composition employed according to the invention is in a 
10 concentration equivalent to from about 0.1 mg to about 10 mg ghrelin per kg body- 
weight, which is preferably administered daily. More preferably, the medicament 
comprises a unit dosage form of from about 5 to about 250 mg of ghrelin or an ana- 
logue thereof, more preferably from about 20 mg to about 200 mg, more preferably 
from about 20 mg to about 100 mg. The ghrelin-like compounds of the present in- 
15 vention may be administered admixed with a pharmaceutical^ acceptable carrier or 
diluent. 

It should be noted that the normal ghrelin response which occurs before a meal is a 
short-lived surge in plasma concentrations of ghrelin and that due to the relative 

20 short half life of the peptide an i.v. injection of ghrelin will ensure that a similar short- 
lived peak on ghrelin concentrations can be obtained. The administration route must 
ensure that the non-degraded, bioactive form of the peptide will be the dominating 
form in the circulation, which will reach the ghrelin receptors and stimulate these. 
Thus, in order to obtain the maximum effect of the medicament it is preferably ad- 

25 ministered from one to three times daily, each administration being within 90 min- 
utes of a meal, such as within 85 minutes of a meal, such as within 80 minutes of a 
meal, such as within 75 minutes of a meal, such as within 70 minutes of a meal, 
such as within 65 minutes of a meal, such as within 60 minutes of a meal, such as 
within 55 minutes of a meal, such as within 50 minutes of a meal, such as within 45 

30 minutes of a meal, such as within 40 minutes of a meal, such as within 35 minutes 
of a meal, such as within 30 minutes of a meal, such as within 25 minutes of a meal, 
such as within 20 minutes of a meal, such as within 15 minutes of a meal, such as 
within 10 minutes of a meal, such as within 5 minutes of a meal. More preferred the 
medicament is administered prior to each main meal, such as administered three 
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times daily. 

For the present invention the dosage will vary depending on the compound em- 
ployed and the mode of administration. Dosage levels will vary between about 0.01 
5 Mg/kg body weight to 10 mg/kg body weight daily, preferably between about 0.01 
(jg/kg body weight to 1 mg/kg body weight, more preferably between 0.1 to 10 M9 
/kg body weight. For all methods of use disclosed herein for the compounds, the 
daily oral dosage regimen will preferably be from about 0.01 pg to about 80 mg/kg of 
total body weight. The daily parenteral dosage regimen about 0.01 |jg to about 80 

1 0 mg/kg of total body weight. The daily topical dosage regimen will preferably be from 
0.01 |jg to 150 mg, administered one to four, preferably two or three times daily. The 
daily inhalation dosage regimen will preferably be from about 0.01 |jg /kg to about 1 
mg/kg per day. It will also be recognized by one of skill in the art that the optimal 
quantity and spacing of individual dosages of a compound or a pharmaceutically 

1 5 acceptable salt thereof will be determined by the nature and extent of the condition 
being treated, the form, route and site of administration, and the particular patient 
being treated, and that such optimums can be determined by conventional tech- 
niques. It will also be appreciated by one of skill in the art that the optimal course of 
treatment, i.e., the number of doses of a compound or a pharmaceutically accept- 

20 able salt thereof given per day for a defined number of days, can be ascertained by 
those skilled in the art using conventional course of treatment determination tests. 

Furthermore, since the "effective level" is used as the preferred endpoint for dosing, 
25 the actual dose and schedule can vary, depending on interindividual differences in 
pharmacokinetics, drug distribution, and metabolism. The "effective level" can be 
defined, for example, as the blood or tissue level desired in the patient that corre- 
sponds to a concentration of one or more compounds according to the invention. 

30 Methods for production of Ghrelin 

Ghrelin-like compounds can be produced using techniques well known in the art. 
For example, a polypeptide region of a ghrelin-like compound can be chemically or 
biochemically synthesized and modified. Techniques for chemical synthesis of poly- 
35 peptides are well known in the art. (See e. g., Vincent in Peptide and Protein Drug 
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Delivery, New York, N. Y„ Dekker, 1990.) Examples of techniques for biochemical 
synthesis involving the introduction of a nucleic acid into a cell and expression of 
nucleic acids are provided in Ausubel, Current Protocols in Molecular 
Biology, John Wiley, 1987-1998, and Sambrook et al. f in Molecular Cloning, A 
5 Laboratory Manual, 2 d Edition, Cold Spring Harbor Laboratory Press, 1989. 

Pharmaceutical compositions containing a compound of the present invention may 
be prepared by conventional techniques, e.g. as described in Remington: The Sci- 
ence and Practice of Pharmacy 1995, edited by E. W. Martin, Mack Publishing 
10 Company, 19th edition, Easton, Pa. The compositions may appear in conventional 
forms, for example capsules, tablets, aerosols, solutions, suspensions or topical 
applications. 

Examples 

1 5 The following examples illustrate the invention without limiting it thereto. 
Example 1 

Total gastrectomy was performed and followed by end-to-end anastomosis between 
20 the esophagus and the duodenum as described in Lehto-Axtelius D., et al. Osteo- 
penia after gastrectomy, fundectomy or antrectomy: an experimental study in the 
rat., Regul. Pept. 78 (1998), 41-50. The gastrectomy was accompanied by total 
vagotomy at the level of cardia. Sham operation was performed by opening the ab- 
domen and moving the stomach. 

25 

In sham gastrectomised rats the ghrelin levels were 2.06± 0.22 ng/ml, while they 
were less than the least detectable level of the assay, i e, 0.25 ng/ml after gastrec- 
tomy. From four weeks after gastrectomy the animals were administered either 
water or the ghrelin analogue MK-0677 by gavage once daily (4 mg/kg/day). 

30 

Food intake and body weight was measured daily and throughout the experiment. 
Animals treated with ghrelin showed an increased desire for food. After two weeks 
of treatment, the animals were decapitated and blood and tissues collected and 
rapidly frozen. Gonadal, mesenteric and retroperitoneal far pads were dissected and 
35 weighed, and the sum of the weight was then calculated. Ghrelin was measured in 



WO 2004/032952 



48 



PCT/DK2003/000679 



serum using a kit purchased from Phoenix Pharmaceuticals as described (Dornon- 
ville de la Cour, supra). 

Treatment of gastrectomised rats with the GH secretagogue MK677, surprisingly, 
5 increased body weight. Moreover, this treatment resulted in enhanced weight of the 
sum of dissected fat pad weights, and increased hypothalamic levels of neuropep- 
tide Y (NPY) mRNA. 

Example 2 

10 Competition binding assays 

Transfected COS-7 cells were transferred to culture plates one day after transfection 
at a density of 1 x 10 5 cells per well aiming at 5 - 8 % binding of the radioactive li- 
gand. Two days after transfection competition binding experiments were performed 

15 for 3 hours at 4DC using 25 pM of 126 l-ghrelin (Amersham, Little Chalfont, UK). 
Binding assays were performed in 0.5 ml of a 50 mM Hepes buffer, pH 
7.4, supplemented with 1 mM CaCI 2> 5 mM MgCI 2 , and 0.1 % (w/v) bovine serum 
albumin, 40 Dg/ml bacitracin. Non-specific binding was determined as the binding in 
the presence of 1 DM of unlabeled ghrelin. Cells were washed twice in 0.5 ml of ice- 

20 cold buffer and 0.5-1 ml of lysis buffer (8 M Urea, 2 % NP40 in 3 M acetic acid) was 
added and the bound radioactivity was counted. Determinations were made in dupli- 
cate. Initial experiments showed that steady state binding was reached with the ra- 
dioactive ligand under these conditions. 

25 Example 3 

Receptor activation assays 

One simple measure of the ability of a ghrelin like compound to activate the ghrelin 
30 receptor is to measure its EC50, i.e. the dose at which the compound is able to acti- 
vates the signalling of the receptor to half of the maximal effect of the compound. 
The ghrelin receptor can either be expressed endogenously on primary cells cul- 
tures, for example pituitary cells, or heterologously expressed on cells transfected 
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with the ghrelin receptor. Whole cell assays or assays using membranes prepared 
form either of these cell types can be used depending on the type of assay. 

As the ghrelin receptor is generally believed to be primarily coupled to the Gq sig- 
5 nailing pathway, any suitable assay which monitor activity in the Gq/G1 1 signalling 
pathway can be used, for example: 

1) an assay measuring the activation of Gq / G1 1 performed for example by meas- 
urement of GTPgS binding combined with, e.g., anti-GDq or -11 antibody pre- 

10 cipitation in order to increase the signal to noise ratio. This assay may also de- 

tect coupling to other G-proteins than Gq/1 1 . 

2) An assay which measure the activity of phopholipase C (PLC) one of the first 
down-stream effector molecules in the pathway, for example by measuring the 

15 accumulation of inositol phosphate which is one of the products of PLC. 

3) More down stream in the signalling cascade is the mobilization of calcium from 
the intracellular stores 

20 4) Further more down stream signalling molecules such as the activity of different 
kinds of MAP kinases (p38, jun, ect.) t NF-k-B translocation and CRE driven 
gene transcription may also be measured. 

5) Alternatively binding of fluorescently tagged arrestin to the activated ghrelin re- 
25 ceptor may also be used. 



Example 4 

Synthetic production of ahrelin-like compound 

30 

Amino acid derivatives and synthesis reagents, were obtained from commercial 
sources. Peptide chain extension was performed by mainly using Applied Biosystem 
433A synthesizer produced by Perkin Elmer, and a protected peptide derivative- 
resin was constructed by the Boc or Fmoc method. The protected peptide resin ob- 
35 tained by the Boc method was deprotected with anhydrous hydrogen fluoride (HF) in 
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the presence of p-cresol thereby releasing the peptide, which was then purified. The 
protected peptide resin obtained by the Fmoc method was deprotected with trifluo- 
roacetic acid (TFA) or dilute TFA containing various scavengers, and the released 
peptide was purified. Purification was performed in reversed phase HPLC on a C4 
5 or C18 column. The purity of the purified product was confirmed by reverse phase 
HPLC, and its structure was confirmed by amino acid composition analysis and 
mass spectrometry. 

The peptide of the present invention is produced by a conventional peptide synthe- 
10 sis method. Specifically, synthesis of acylated or alkylated peptides is exemplified 
below. Further, human-derived ghrelin (which may be abbreviated hereinafter to 
hGhrelin) or rat-derived ghrelin (which may be abbreviated hereinafter to rGhrelin) 
was reacted with trypsin or chymotrypsin or both the enzymes successively to give 
the following ghrelin fragments: 19. Ghrelin (16-28), 20. hGhrelin (1-15), 21. rGhrelin 
15 (1-15), 23. hGhrelin (1-11), 24. rGhrelin (1-11), 25. Ghrelin (1-10), 26. Ghrelin (1-9), 
27. Ghrelin (1-8), and 30. Ghrelin (1-4). Then, these fragments were isolated by 
analytical HPLC and measured for their activity. 41. [N-Acetyl]-Ghrelin (1-10) was 
prepared in a usual manner by treating Ghrelin (1-10) with N-acetylsuccinimide. 
Human and rat ghrelin may also be made by use of a natural material. 

20 

Sequences 

<210> 1 

25 

<211> 28 
<212> PRT 
30 <213> Homo sapiens 



35 



<220> 
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<221> MOD_RES 
<222> (3)..(3) 

5 <223> Amino acid in position 3 is modified with a fatty acid 



<400> 1 

10 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Arg Val Gin Gin Arg Lys 
15 10 15 

15 Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 



<210> 2 

20 

<211> 27 
<212> PRT 
25 <213> Homo sapiens 



<220> 

30 

<221> MOD_RES 
<222> (3)..(3) 

35 <223> Amino acid in position 3 is modified with a fatty acid 
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<400> 2 

5 

Gly Ser Ser Phe Leu Ser Pro Glu His Gin Arg Val Gin Arg Lys Glu 
15 10 15 

10 Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 

<210> 3 

15 

<211> 28 

<212> PRT 

20 <213> Rattusrattus 



25 



<220> 

<221> MOD_RES 

<222> (3)..(3) 

30 <223> Amino acid in position 3 is modified with a fatty acid 



35 



<400> 
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Gly Ser Ser Phe Leu Ser Pro Glu His Gin Lys Ala Gin Gin Arg Lys 
15 10 15 



5 Glu Ser Lys Lys Pro Pro Ala Lys Leu Gin Pro Arg 
20 25 



